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aXPKBIMEfflPAL OTMICTION STIRW 
OF SECTORS OF Uhl FORM THICKHFSS 

mmss. 

The purpose of this investigation was to study the deflection 
patterns of uniform thickness 2h>ST alunimim alloy sectors fixed on one 
radius and subjected to transverse loads. 

This investigation consisted of obtaining deflection data in the 
form of influence coefficients for cantilever sectors of opening angles 
varying from 0 to 180 degrees. 

The deflection data is presented in a form that requires only 
a matrix multiplication to obtain the deflection pattern of any sec- 
tor of the sane material constants and dimensions as those used in 
this investigation. For sectors of different material constants 
and dimensions the deflection pattern nay be obtained by interpola- 
tion of the data presented in this investigation and use of elementary 
elastic relationships. 

The comparison of the experimental and analytical solution of 
the deflection pattern of a b5 degree sector subjected to a shear 
loading and radial moments along the curved boundary showed satisfac- 
tory agreement. 

This investigation was carried out at fcho Guggenheim Aeronautical 
Laboratory, California Institute of Technology, Pasadena, California 
(referred to hereafter as GALCIT). 
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i ietroductioh 

The purpose of this investigation vra.3 to study the deflection 
of uniform thickness sectors fixed on one radius and subjected to 
tranverss loadings. All specimens used in thi3 investigation were 2^ST 
aluminum alloy. The stresses duo to all loadings were below the pro- 
portional Unit of tho material. 

The experimental work was divided into two phases* 

Phase 1 . Deflection surveys of a family of sectors of varying 
opening angles. 

All sectors were of identical thickness and radius. 

The deflection data obtained in this phase were con- 
verted into influence coefficients that are presented in matrix 
form in the tables of this report. 

Phase 2 . Deflection survey of a degree sector subjected to 
a particular boundary loading. 

The purpose of this phase was to obtain results that 
could be compared with an analytical solution. (See Reference 1). 

A preliminary investigation of the effect of plate 
thickness on the deflection pattern of the specimens was inclu- 
ded in this phase. 

The testing equipment was designed and constructed by the author 
in collaboration with Joseph Garrett. The basic facilities of the 
GALCIT structures laboratory were used to advantage in the construction 



of the testing equipment. 

Considerable tine was spent in the development of procedures 
and techniques which would permit the investigation to proceed more 
rapidly yet yield accurate information on the deflection patterns 



of cantilever sectors* 
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Test Specimens 



Phase 1 . The original tost specimen was 19.9^ inches in radius 
with an average thickness of 0.251 inches and an opening angle of 180 
degrees. Tost speoinens with opening angles of 135* 90 , 75% 60» 45# 
and 30 degrees were obtained by progressively cutting back the original 
specimen. Figure 1 shows the plan form of the original specimen and 
the extension that was used to support the specimen in the testing 
equipment. 

Two inch by 15 degree polar grids were scribed on each side of 
the original test specimen after it had been painted with a light coat 
of "Dyken blue”. 

Phase 2 . The test specimen for this phase was 25 inches in 
radius with an average thickness of 0.125 inches and an opening angle 
of 45 degrees. Radial saw cuts made between the 25 inch radius and 
a 20 inch radius gave the specimen an "effective" radius of 20 Inches. 
The saw cuts were made at 1 inch intervals of arc along the ” effective" 
circumference. The strips formed by these saw cuts were used to apply 
radial momenta along the "effective” circumference. Figure 2 shows 
the plan form of the Phase 2 test specimen. 

Testing Equipment 

The testing equipment was constructed using an existing heavy 
steel frame as a base. Two 2-1/2 x h x 3/b inch angle sections 
approximately hj inches long were leveled and secured to the exis- 
ting base frame. The upper horizontal surface of the angle irons 



had "been machined to provide a level surface for the hold-down 
plates* Two stress relieved and machined 1 s 29 i 19-1/2 inch 
hold-down plates were secured to the angle irons by 12 steel bolts. 

The specimen was inserted between the hold-down plates and shins 1/32 
inch thinner than tho specimen were used to prevent excessive "bowing* 
of the hold-down plates. Since hold-down bolts could not bo need near 
the line of fixity of tho specimen, three screw jacks were employed 
to increase the degree of fixity in this area. Figure 3 shows the 
arrangement used to secure the specimen. 

The loading arrangement permitted the application of point' 
loads from above to any point on the specimen by tho use of a loading 
pin to which weights could be attached* The point of the loading pin 
was ground to as small a radius as possible without its causing damage 
to the specimen during loading* 

The movement of the loading pin to tho various grid points was 
accomplished in tho following manner: 

(a) The loading pin was raised from contact with the specimen 
by a four foot lever arm that had a fulcrum above the sector 
center. 

(b) The lever arm was free to rotate about the sector center 
throughout the required 180 degrees carrying the loading pin 
with it. 

(c) Radial notion of the loading pin was accomplished by means 
of rollers on the guiding mechanism. These rollers acted on the 
lever arm and could bo locked at any radial position* 
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(d) The loading pin guiding mechanism was so arranged that 
when the load was positioned on the speoinen neither the 
guiding mechanism nor the lever arm support od any of the load. 
For further information on the loading see the enclosed 
figures, 

A deflection table was positioned parallel and 9 - 1/2 inches 
below the lower surface of the test specimen. This deflection table 
consisted of an ordinary office table that was secured to the testing 
frame hy means of w c w clamps, A 30 x 60 inch smooth surface top 
was constructed from 1/4 inch masonite glued to 1 inch plywood, When 
rigidly olanped to the office table this top provided a smooth, 
steady platform from which the deflections of the test specimen could 
bo measured, 

A deflection gauge was constructed by mounting a dial gauge of 1 
inch travel reading to .001 of an Inch on a steel base. The main 
spring of the dial gauge was removed and a uniform dial gauge force 
was obtained by gravity action on a horizontal 8 inch aluninan bar 
supported at an off-center pivot. The overall height of the dial 
gauge was made adjustable by the addition of precision ground base 
blocks. 

Figure 4 illustrates the operation of the deflection gauge. 
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In order to determine the most effective experimental techniques 
a series of preliminary tests wore conducted on a .075 inch 24ST alumi- 
num apecimen of 20 inch radius. As a result of these tests it was found 
that the specimen should be gravity loaded from above and. the deflections 
measured from below. 

The following general requirements were set forth: 

(a) The magnitude of the loads must be large enough to give a 
maximum deflection of about 1 inch providing that permanent "set” 
of the specimen does not occur. 

(b) Sector angles between 0 and 180 degrees should be investi- 
gated. 

(c) The deflection data obtained must be of such a nature that 
deflection patterns of the test specimen due to any transverse 
loading can be determined. 

The general requirements indicated that the superposition of the 
deflections due to point loads and the use of Maxwell’s Reciprocal 
Theorem would give the desired general deflection information with, a 
minimum amount of data required. 

The preliminary tests utilized a standard spring-loaded dial gauge. 
The results obtained did not satisfy Maxwell's Reciprocal Theorem, fho 
following were considered as possible causes for the discrepancy. 

(a) The fixity of the specimen in the testing equipment. 

(b) Linear variation in the deflection gauge force on the speci- 
men because of the main spring of the dial gauge. 
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3y replacing the min spring of the dial gauge with a lever system 
that produ.09d a uniform deflection gang© force throughout its range of 
travel, the results satisfied Maxwell's Reciprocal Theorem. 

It was found that the most accurate results were obtained hy leaving 
tho deflection gauge under a given point while the load was moved from 
point to point. This procedure made it possible to check the M tare H 
reading each time the load was novcd, and therefore read the deflections 
directly. 



I 





iy gspwRi? m e?al pudctidohs 

Phase 1. 

The 180 degree sector was tho initial tost specimen. The specimen 
was secured in the testing equipment and randan deflection readings were 
taken to insure that tho data would satisfy Maxwell’s Reciprocal Theorem. 
Fifty— three grid stations v;ore soloctod as test points. Kio deflection 
gauge was placed under a tost point and tho dial indicator set on sero 
with no load applied, heights had been attached to the loading pin until 
the total weight of the loading pins and weights was $0 pounds. The 50 
pound load was moved to all tost points. Deflection readings ware multi- 
plied by 20 and recorded on the. data sheets. Tho numbers recorded there- 
fore represented inches deflection per 1000 pounds. These recorded numbers 

are hereafter referred to as influence coefficients and designs. tod w g n . 

* J 

Maxwell’s Reciprocal Theorem states that g 13 equal to g . This 

U Ji 

means that the deflection at a point K i M due to a load at a point M j n is 
equal to the deflection at point due to the sarie load at ”i M . Applying 

this principle to the problem at hand permits a point to be disregarded 
os a loading point one© the deflection gauge has been positioned under it 
and all deflection data recorded. 

The deflection data obtained are presented as matrices of Influence 
Coefficients in Tables 1 through 7* 

Contour lines drawn on tho data sheets provided a rough check on the 

. i 

deflection data. 

After a complete chock of the deflection data for the 180 degree 



seotor# the specimen was removed# cut back to 135 degrees # and the above 
tooting procedure was repeated. 
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Sinilar experimental procedure was followed in the deflection 
surreys on the 90. 75» 60, 45. and 30 degree sectors. The test points 
used for each specinen are indicated In Tables 1 throng 7» 

BmuJu. 

The method of measuring deflections in this phase was the sane as 
Phase 1. 

The specinen was loaded with a specific distributed "boundary loading 
of «^9.9 inch pounds radial moment per Inch and -10. 4 pounds shear per 
inch along the "effective circumference". This waB accooplished "by placing 
a 10.4 pound load 4.8 inches from the root of each of the radial strips. 

Influence coefficients for shear alone were obtained by plaolng a 10 
pound concentrated load at the root of each radial strip. 

The influence coefficients for the radial moment alone were calcu- 
lated from the data by the method shown In the Appendix to this report. 
Tables 8a and 8b give the influence coefficients for this phase. 

A preliminary investigation of the relative stiffness of the 1/4 
and 1/8 inch plates used in the two phases was made by comparing the ele- 
ments of corresponding matrices of Influence coefficients for 5 points on 
the free boundary. Table 9 shows a comparison of the stiffhess of the two 
plates. 
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Y CASE 0? DISTRIBUTED LOADING 

The deflection pattern of a circular sector due to a distributed 
loading can be computed by using the influence coefficients presented in 
this investigation if an area coefficient is associated with each of the 
loading point 8 indicated in the matrices of influence coefficients* 

The area coefficients oust satisfy the following requirements! 



( 1) t } , a jqj 



(2) Vj s 21 »,<l(r,»)e. , 
Jal J 1J 



8 5 . 

jsl 



Where w q^ n is the intensity of the 
distributed loading at the load point 
M j M * and is the area coefficient 
for the point w j H . 

Where q(r»$) Is determined from (1). 



For all deflection points "i* 



As indicated by the symmetrical matrices in Tables 1 through 7, 
there are the sane number of deflection points, w i", as there are loading 
points, 

To meet the above requirements the area, “a^" depends on: The 

relative geometric position of the load point to the other load points 
and the plate boundaries, the load distribution as defined by q(r,&), and 
the deflection node near th8 deflection point fl i fl . This means that "a^" 
cannot be uniquely defined for all values of load distribution and 9till 
satisfy the above requirements, but for a limited class of load distribu- 
tions a unique n a. n can be assigned each load point that will satisfy the 

V 

requirements to an acceptable degree of accuracy. 
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Tbe load distribution has snail variations over area H a H and as 

j 

a first approximation a linear variation of influence coefficients ms 
used. 



The non symmetrical distribution of load points in Phase 1 of tills 
oxperiraont made it lnpossiblo to establish a general equation for the 
determination of all area coefficients. Tho following is an example of 
the method used to assign values of fl a n to each load point; 




o - Load points 

U) 

The aroa is bounded by or 

contains tho load points a# b» g, 

f. k, and e. The area was 

1 

distributed to these load points in 
the following manner: 

Ai 3 ^ to a, b, g, and f, 

to e, 

2 

OA^ to k. 



The assignment of a sero value of area to ”k n wa 3 made because of its lack 
of symmetry in the pattern of the points. This does not eliminate point 
’‘k* 1 as a deflection y;oint. 

Tho assignment of the value is justified by examining the load 

2 1 

point fl g” which would b© assigned one eighth of the value of each of the 
adjacent areas. The typical area coefficients are: 
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(i) 

a g An 

a 8 

= o 



4a 



a © • 4a 



a e 3 ^ % 2 r ^2 

^ h 8 8 



5*or the area e» h»i» c* './hero c* is not a loading point* the area 
is first distributed equally to the A cornor points* and then the 
area is redistributed to point ,, c fl and the point "o 0 inversely as the 
distance to those points. 

The deflection of any point becomes: 

W l 5 Wia + Wib + •** a, c% e ic + *c*V«ic« ' — 



Wio 



vfhere the last tern vanishes since g. - o 

io 

-uCt S a *C <1 C G ic a c ,a C , %0 1 ^ 

If e t j varies linearly and q^, x <l c m 

Then ^ - a’^ic + e la « a„Vle 

0r (a i 1 § a C>Vic ’ Wlo 

And a* ! 2a , - a_ where the area a* would be the area coefficient 

C ^ C c C 

of the point c if c* were a load point. 

This .Justifies the method of assigning values of area assuned by 
non-load points to other load points inversely as the diotancc to those 
points. 

The values of the area coefficients assigned to each load point of 
the sectors investigated arc tabulated in Tables 10 and 11. The area 



coefficients arc for a sector of 20 inch radius and a multiplication by 
r ^/*;00 is required to make then applicable to sectors of other radii. 
Tables 10 and 11 give tho area coefficients in column matrix forn* and for 
convenience of notation the colunn matrix is designated [a]^ where 
is the sector angle of tho test specimen. The arrangement of the column 
matrix corresponds vith the ordor of tho associated influence coefficient 
matrix* 
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ti hhsults akp 'oiscttjssioh 

Pha9e 3, . 

The results of this phase of the investigation arc tabulated in the 
matrices of Influence coefficients In Tables 1 through 7» and in the 
natricea of area coefficients In Tables ,10 and 11. These results as 
presented apply only to cantilever sectors of 2* ST altiuimus alloy, 20 
inches in radius and l/4 inch thick. The loadings met give rise to 
stresses within the proportional Unit of the naterial. The deflection 
pattern of any sector with the above dimensions can be determined *°y 
proper use of the influence and area coefficients. The method of applying 
this data to specimens vdth different radius, thickness, or naterial con- 
stants will be described later. 

The deflection produced by a concentrated load "P w at any loading 
point B ,J H is given by 

S P 10 (l) 

The possible sources of error in the ta’mlated influence coeffi- 
cients are: 

(1) Method used in measuring deflections. 

(2) Degree of fixity at the "built in" radius. 

(3) Method of loading tho tost specimen. 

(4) Imperfections in the test specimen. 

The only method of checking the percent of error induced by the method 
of experimentation was to take repeated tost readings on various points 
and apply Maxwell's Reciprocal Theorem to tho roculting data. The error 
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due to the mothods of loading and measuring deflections was estimated 
to be t or ,02, It -was beyond the scope of this investiga- 
tion to evaluate the error induced by the degree of fixity and possi- 
ble imperfections in the material, but it is believed to be of the 
sane magnitude as the error due to experimentation. 

The deflection at grid points due to concentrated loads at points 
other than loading points would require interpolation. The accuracy 
of the resulting deflection data would depend on the accuracy of the 
interpolation. Graphical interpolation would be a desirable method 
of obtaining values of deflection at points other than tho deflection 
points used in this investigation. 

For a continuous shear loading along the curved boundary, the 
deflection at any point is given by* 



w i * Jo 7 U> 48 



( 2 ) 



The following discussion gives the method of determining the 



deflection pattern due to a distributed load of intensity at 



the grid point n j n . 



The deflection is given by: 



* 



, 1*1 




(3) 



The equation in matrix form is! 



i = i»L xio ‘ 3 < 4 > 

Where 



[ o ] 

W 

M 



is the square natrix of influence coefficients 
is the column natrix of area coefficients 

v 

is the column matrix of the elements of the 
deflection 

is the sector angle. 



For sectors of thickness, radii, or material constants different 
from those used in this investigation, the deflections can be ob- 
tained by the use of elasticity relationships. Those relationships 
are outlined in the appendix to this report (see Reference 2). 

Baaas.ili. 

The results of this phase are tabulated in Tables 8a and 8b. 

The influence coefficient for the shear loading is designated by 

This corresponds to the deflection in inches at "i M due to 1000 
pounds of shear per inch acting over 1 inch of arc at "J* 1 . The influence 



coefficient for the radial moment is designated Tills corresponds 

to the deflection at "i f ’ due to a 1000 inch pound moment actin'; over 1 
inch of arc at "j". The influence coefficient for the concentrated load 
is designated ggjj* This corresponds to the deflection at "i” due to 
a 1000 pound concent rated load at " j H . 

By superposition of defleotions, the deflection pattern of the 
sector can he obtained by: 



f i5 15 

w i S |^ 1 V J -^ij + * 71V 16 v^ilS + n s li +■ * 71H l6 



-h 



‘AlJ 



.] 



2 10 
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The influence coefficients in Tables 8a and 8b are applicable to 45 
degree sectors with the following properties: 

(a) 24ST aluminum alloy 

(b) Radius of 20 inches 

(c) 1/8 inch thick. 

For 4 5 degree sectors with different properties fron the above, 
the deflection can. be obtained by using elasticity relationships for 
thin plates (see appendix). 

The deflections at 6 points on the free boundary were computed for 
three specific boundary loadings. These boundary loadings are shown in 
Figures 6, 7, and 8. The deflections were calculated by using equation (5). 
These defleotions are compared with an analytical solution obtained by 
Mr. M. L. Williams (cf Ref l). 
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Por a com arison of 



deflections of the analytical and experimental 



solutions see 5i#iros 7, 10, and 11, 



The following observations are made: 



1, The Bi-e&nuai deflections are of creator magnitude in the ana- 
lytical solution for all three loading conditions. 



2 . 



The deflections of both solutions are of tho sane order of 



magnitude. 



3, The deflection nodes are vory similar which indicates that the 
stres9oe should be in good agreement. 

A preliminary investigation was made of the effect of tho thickness 
of sector plates on their stiffness, A comparison of the influence co- 
efficients of the corresponding sectors in Phase 1 and Phase 2 is shown 
in Table 9* The radial strips on tho Phase 2 sector were removed for this 
investigation, Elasticity relations show that the deflections of plates 
of different thickness vary inversely as the plate stiffness. If the 
plates have the sane naterial constants, tho deflections will vary inversely 
as the thickness cubed, (t-^)» Tho ratio of the analytical deflection 
of the .125 inch plate to the .251 inch plate is: 

D eflection of .125. .elate = 

Deflection of .251 plate D(.125) 

Whore D = at 3 . _ . 

12(1-7^) 



P(.251) 

dT 



125) 



tt.,251) 1 


3 = .251 ' 


L t ( . 125) 


l .125. 



8.12 



For the 5 points investigated, the experimental deflection ratio gives 
an average value of 7.30. 

Tho possible causes of this variation are: 

1, The material constants of two sectors nay have boon different. 

2. The 1/8 inch sector my have permitted a higher degree of fixity 



at tho "built in" radius. 



following conclusions are obtained fron this inveotigation: 

1. The use of influence ' co efficients is a very satisfactory method 
of obtaining goneral deflection information for ccr.tilcver sectors* 

2. Comparison of the deflections obtained by enpcrinental investi- 
gation odtli the deflections obtained by analytical investigation 
indicated that the experimental deflections were lees tlian the 
nnnlyt i cal def lo ctionfi. 

3* itirther deflection irr/ostigntions should be performed to obtain 
norc conclusive results on the effect of rlatc thickness on the 



deflection pattern, 



• 20 * 



VIII HBCOK?ff5SIfr?IOBS 

1. Various sectors should he equipped with strain gauges to 
determine the stresses in tho specimen due to specific loading 
patterns. Those stresses should he compared with stresses cal- 
culated from the expeririont&l and theeritical deflection data 
obtained in previous investigations. 

2. An extensive investigation should ho made of tho effect of 
plate thichnesa on stiffness. 
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'rfillianB, M. L. "The Plate Problem for a Cantilever Sector of 
Uniform Thickness". Doctor's Thesis, California Institute of 
Technology. 

Sechler, K. JS. "Elasticity in Engineering", Chapter XII, 
California Institute of Technology. 
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MATRIX OF INFLUENCE COEFFICIENTS 
FOR 90 DEGREE SECTOR 
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(Inches deflection per pound) xlO 
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i = 


45° / 12" 


1 = 


45° / 16" 


i =. 


45° / 18" 1 


s 


i 




m e ij 


v S iJ 


m S ij 


Aj 


n^ij 


1.0 


1 


12.20 


-.39 


24.20 


-1.29 


32.60 


-2.24 


1.0 


2 


10.95 


-.33 


22.10 


-1.17 


29.65 


-2.08 


1.0 


3 


9.80 


-.28 


19.90 


-1.06 


26.75 


-1.88 


1.0 


4 


8.60 


-.22 


17.60 


- .94 


23.80 


-1.66 


1.0 


5 


7.32 


-.17 


15.35 


- .80 


20.80 


-1.43 


1.0 


6 


6.16 


-.11 


13.10 


- .63 


17.75 


-1.20 


1.0 


7 


5.10 


-.07 


10.90 


- .48 


14.85 


- .98 


1.0 


8 


4.10 


-.02 


8.95 


- .36 


12.10 


- .75 


1.0 


9 


3.15 


+.02 


7.00 


- .24 


9.60 


— « rsS 


1.0 


10 


2.30 


+ .07 


6.20 


- .12 


7.22 


- .35 


1.0 


11 


1.60 


+ .10 


3.65 


+ .01 


5.18 


- .18 


1.0 


12 


1.00 


+.11 


2.40 


+ .08 


3.40 


- .02 


1.0 


13 


.60 


+.10 


1.50 


* .12 


2.05 


+ .08 


1.0 


14 


.15 


+.09 


.63 


+ .13 


.90 


+ .11 


1.0 


15 


.01 


+ .05 


.18 


+ .10 


.29 


+ .10 


0.7 

1 


16 


.00 


+ .02 


.00 


+ .05 


.01 


+ .05 






0 s ! J = 


12.57 


oSlj * 


= 25.15 


M 

«r* 

% 


33.55 






J « 45° / 20" 


j a 45° / 20" 


J a 45° / 20" 



Table 8a 



Influence Coefficients 
v^ij = [} nc * 163 Defleot ion/Pound ^ 10 3 

scinches Deflection/Inch Pound J 10 3 
^Inches Deflection/Found ^ 10 3 



Sector Angle = 46°, t = l/8 Inches, Radius = 20 Inches 
Material—24 ST Aluminum Alloy 
15 15 

& 



W 1 T <J)*» e « + ‘^(W) A (16) + ^ M (J)n e lJ + "* 



+ o%( 16) + P c S lJ 1 10 



- 30 - 




» 




j s 42,05 j = 35# 88 c 23*15 

J s 46° / 20" j = 45° / 20" J = 45° / 20" 



Eable 8b 



Influence Coefficients 

as[lnches Deflection/Pound j 10 3 

n e i,j ~[* acll ®s Deflection/ Inch Pound] 10 3 

g = [inches Deflection/Pound ( 10 3 
o ij L J 

Sector Angle = 45°/20", t « 1/8 Inches, Radius = 20 Inches 




15 

fi T( J> 




• 7IV (16) 7^1(16) + 



15 



+ ••• 



+ * 7IM (16) n£i(16) + p c e ij 



-r 



x 10 l 



-* 51 - 



Load 

at 

45°/l6« 45°/18" 46°/20« 30°/20- 16°/20« 



Meter 

at 



45°/l6» 


7.30* 










46°/l8* 


7.34 


7.35 








45°/20« 


7.26 


7.30 


7.39 






30°/20» 


7.23 


7.34 


7.29 


7.31 




15°/20* 


7.29 


7.32 


7.16 

i 


7.19 


7.26 



• laHuence Coefficients .125 inch Sector 
Influence Coefficient .251 inch Sector 



TABLE 9 

Effect of Thickness 



on Stiffness 



Dog. /in 



Deg. /in. 



A 180° 



Dog. /In. ^36° 



15/6 

16/10 

16/14 

15/20 

30/12 

30/16 

30/20 

45/6 

45/10 

45/14 

45/18 

45/20 

60/8 

60/12 

60/16 

60/20 

75/10 

75/14 

75/18 

75/20 

90/4 

90/8 

90/12 

90/16 

90/20 

105/6 

105/10 

105/14 

105/18 

120/8 

120/12 

120/16 

120/20 

135/8 

135/12 

135/16 

135/20 

150/4 

150/8 

150/12 

160/16 

150/20 

165/6 

166/10 

165/14 

165/18 

165/20 

180/12 

180/14 

180/16 

180/18 

180/20 



5.5850 


15/6 


6.6850 


15/6 


5.5860 


10.4720 


15/10 


10.4720 


15/10 


10.4720 


14.6608 


15/14 


14.6608 


15/14 


14.6608 


0.0000 


15/20 


0.0000 


15/20 


0.0000 


19.7604 


30/12 


19.7004 


30/12 


19.7804 


21.4672 


30/16 


21.4672 


30/16 


21.4672 


14.1368 


30/20 


14.1368 


30/20 


14.1368 


5.5850 


45/6 


6.5860 


45/6 


5.5850 


10.4720 


45/10 


10.4720 


45/10 


10.4720 


14.6608 


45/14 


14.6608 


45/14 


14.6608 


18.8491 


46/18 


18.8491 


45/18 


18.8491 


0.0000 


45/20 


0.0000 


46/20 


0.0000 


13.0550 


60/8 


13.0550 


60/8 


13.0550 


12.5664 


60/12 


12.6664 


60/13 


12.5664 


16.7550 


60/16 


16.7550 


60/16 


16.7550 


9.4246 


60/20 


9.4246 


60/20 


9.4246 


10.4720 


75/10 


10.4720 


75/10 


10.4720 


14. 6608 


75/14 


14.6608 


76/14 


14.6608 


18.8491 


75/18 


18.8491 


75/18 


18.8491 


0.0000 


75/20 


0.0000 


75/20 


0.0000 


5.4454 


90/4 


5.4454 


90/4 


3.3510 


10.6814 


90/8 


10.6814 


90/6 


0.0000 


12.5664 


90/12 


12.5664 


90/8 


5.9690 


16.7550 


90/16 


16.7550 


90/10 


0.0000 


9.4246 


90/20 


9.4246 


90/12 


6.2832 


6*2832 


105/6 


6.2832 


90/14 


0.0000 


10.4720 


105/10 


10.4720 


90/16 


8.3776 


14.6608 


105/14 


14.6608 


90/18 


0.0000 


18.8491 


105/18 


18.8491 


90/20 


4.1723 


13.4041 


120/8 


10.8909 





12.5664 

16.7550 

9.4246 

10.4720 

14.6608 

18.8491 

0.0000 

5.4454 

10.6814 

12.5664 

16.7550 

9.4246 

6.2832 

10.4720 

14.6608 

18.8491 

0.0000 

10.1230 

0.0000 

8.3776 

0.0000 

4.7123 



120/16 

120/20 

135/4 

135/6 

135/8 

135/10 

135/12 

135/14 

135/16 

135/18 

135/20 



12.5664 

16.7550 

9.4246 

1.6755 

0.0000 

4.2935 

0.0000 

6.2832 

0.0000 

8.3775 

0.0000 

4.7123 



A 90° 



TABLE 10 

COLUMN MATRICES OF AREA COEFFICIENTS* 

FOR 

SECTORS OF 20 INCH RADIUS 



♦INCHES 2 / POINT 



Deg, 

15 

16 

15 

15 

30 

30 

30 

•45 

45 

45 

45 

45 

60 

60 

60 

60 

76 

75 

75 

75 

75 

75 

75 

75 

75 



'33 - 



i 



In. 


*75° 


Deg. 


In. 


*60° 


Deg. 


In. 


A 45° 


6 


5.5860 


15 


6 


5.6860 


7.6 


20 


1.9897 


10 


10.4720 


15 


10 


10.4720 


15 


6 


8.1214 


14 


14.6608 


16 


14 


14.6608 


15 


10 


10.2427 


20 


0.0000 


20 


20 


0.0000 


15 


14 


10.4720 


12 


19.7804 


30 


12 


19.7804 


15 


16 


8.3776 


16 


21.4672 


30 


16 


21.4672 


15 


18 


8.4300 


20 


14.1368 


30 


20 


14.1368 


16 


20 


3.9794 


6 


5.5850 


45 


6 


5.5850 


22.5 


20 


1.9897 


10 


10.4720 


45 


10 


10.4720 


30 


8 


7.3396 


14 


14.6608 


45 


14 


14.6608 


30 


12 


8.9010 


18 


18.8491 


45 


18 


18.8491 


30 


14 


7.3304 


20 


' 0.0000 


46 


20 


0.0000 


30 


16 


8.3776 


8 


10.5418 


60 


4 


0.0000 


30 


18 


8.4300 


12 


12.5664 


60 


6 


0.0000 


30 


20 


3.9794 


16 


16.7550 


60 


6 


5.4105 


37.5 


20 


1.9897 


20 


9.4246 


60 


10 


0.0000 


45 


4 


3.1027 


14 


1.6755 


60 


12 


6.2832 


45 


6 


2.9125 


6 


0.0000 


60 


14 


0.0000 


45 


8 


2.0944 


8 


4.2936 


60 


16 


8.3775 


45 


10 


2.6170 


10 


0.0000 


60 


18 


0.0000 


45 


12 


3.1416 


12 


6.2832 


60 


20 


4.7123 


45 


14 


3.6652 


14 


0.0000 








45 


16 


4.1888 


16 


8.3775 








45 


18 


4.2160 


18 


0.0000 








45 


20 


1.9897 


20 


4.7123 








1 







TABLE 11 

Column Matrices of Area Coefficients* 1 

for 

Sectors of 20 Inch Badius 
•Inches 2 / Point 
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Figure 3 

Arrangement for securing specimen 
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SAMPLE data sheet 
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APFH5IDIX 



SA’T-IT: GALCITIATI 01>3 

•m****m» -mt 

laQwg.ngp. Spftfft&ppka. 

1. Concentrated load. 



v. 






ij 



*U 






r Reflection in inches at "i". 

Z Cone antra tod load in pounds at "J". 

; Influence coefficient* inches/1000 pounds. 
z [inches deflection at M i" per f'ound at n j 0 x 10^. 

= Yu * 10 ’ 3 1 - 1 

z 20 w. , (Phase 1) 1.2 

(Phase 2) 1.3 



*ij • 100 W ij 



2. Shear loading along curved berondary. 




Deflection in inches at "i”. 

Shear in pounds/inch near M j n . 

Influence coefficient in incheo/1000 pounds. 



3 

Inches deflection at ”i H per pound near h j* z Kr 



S s 


Boundary length of elenent near 




Co 

It 


°L v j ^i} 1 * w ' 3 


2.1 


For Vj 


- 10 pounds/ inch 




s 


z 1 inch 




v ij = 


1*IJ Xl0 ' S 


2.2 


0r vSlJ 


• w u 1 102 





It con he seen that the influence coefficient is independent 
of s ( so the strip nember 16 is covered by (2.2). S - 71 
inches for strip 1 6 y. 



By -xi^orposition of deflections 

w .3 - 

= 4-, V J Aj 1 10 + -71 V l6 yf ll6 * 10 3 

v'Sl 

3. Radial moments along curved boundaries, 
s Deflection in inches at "i M . 
z Ha dial moment in inch pounds/inch near n j n , 
s 49.9 inch rounds /inch. (Phase 2) 

u e u * Influence coefficient in inches deflection per 1000 
inch pounds. 

Z r Inches deflection at w i M per pound near M J M ] x 10^. 
s = Boundary length of element near “J". 

For a 10.4 pound load 4.8 inches from the root of tho radial 
strips the deflection is determined from* 

W 1J 3 ,(T J ^lj + “ .Aj 5 * M " 3 3,1 

For the strip with a .71 inch root 

W 1J * *71< T^lj + ^ nSij) X 10' 3 

From the above equation 

nSlj - «li x M 3 - 10.4 ygij 3.2 

EWJ 

The following is a discussion of tho problem of determining the 

deflection pattern of sectors with radii, thicknoss, and material constants 

different from those of the sectors used in this investigation. 

Tho loading and deflection points on the new sector are located in 

tho same geometric position as they are on the sector used in this inves- 

£ 

tigation. The grid on the new sector will be 15 degrees by r Q . Where 
is the radius of the sector and w r H is the radius of the loading 



or deflection point. The value of r Q for the now sector is equal to r c 
for the corresponding sector in this investigation. 

The deflection cf a sector varies inversely as the plate stiffness 
(D) and directly as corse pover of the radius. 

The use of dimensional analysis will give the ratio of the loadings 
and the radius necessary to use v/ith the deflection data presented and 
produce accurate results. 

Elasticity relationships may he used with the data presented in this 
investigation to approximate deflection patterns of sectors with radii, 
thiclxess, and material constants different from the sectors surveyed in 
this investigation if the deflection made is expressed as a function of 
the radius. 

The defloction node for loading conditions used in this investi- 
gation can be obtained from the data presented in the tables. Using 
this deflection node an expression of tho deflection in terns of the 
radius can bo obtained. The dof lection of the new sector becomes* 



The accuracy of the deflection (w*) depends on how closely the 
defloction mode of the sector used in this investigation can be approximated. 
It is left to the reader to determine and develop tho method used in 



\ 





the deflection survey of any sector of different radius, thickness, and 
material constants from those of the sectors in this invest igation. 







i 
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tion survey of canti- 
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form thickness. 



